Carbon dioxide (CO 2 ) injection into a confined saline aquifer may be modeled as an axisymmetric twophase flow problem. Assuming the CO 2 and brine segregate quickly in the vertical direction due to strong buoyancy, and neglecting capillary pressure and miscibility, the lubrication approximation leads to a one-dimensional nonlinear advection-diffusion equation that describes the evolution of the sharp CO 2 -brine interface. The interface evolution is driven by two forces: the force from fluid injection (the lateral pressure gradient due to injection), and buoyancy. Analytical solutions can be derived when one of the two forces is dominant. The solutions depend on the viscosity ratio (M) between the displaced and injected fluids, and a buoyancy parameter ( ) that measures the relative importance of buoyancy compared to the driving force from injection. Different combinations of these two parameters give different forms of the solutions. But for all the solutions, the radius of the lateral spreading of the injected fluid follows,r ∝ t 1/2 with the proportionality coefficient differing for the different solutions. In this paper, we identify the kinds of solutions appropriate for practical CO 2 injection projects as well as other subsurface fluid injection applications. We use data from eight CO 2 injection projects, twenty-four acid gas injection projects, two liquid waste disposal projects, and one CO 2 -WAG enhanced oil recovery project. The solutions provide guidance for the expected behavior of fluid spreading under the different injection operations while providing general insights into overall fluid flow behavior.
Introduction
Sequestration of carbon dioxide (CO 2 ) into deep saline aquifers is considered a promising technology to mitigate anthropogenic CO 2 emissions into the atmosphere (Pacala and Socolow, 2004; IPCC, 2005; Michael et al., 2010; Celia et al., 2015) . CO 2 injection into a saline aquifer involves flow of both the injected CO 2 and the resident brine. Understanding such multi-phase flows is important to address questions related to CO 2 injectivity, containment of both CO 2 and brine, and the overall long-term effectiveness of the storage operation.
Injection depths are usually chosen so that the injected CO 2 will be in a supercritical state. While the supercritical CO 2 has density much larger than gaseous CO 2 , it is still small relative to the density of the resident brine, with a difference ranging from 250 kg/m 3 to up to 950 kg/m 3 , depending on formation depth, geothermal gradient, pressure gradient, surface temperature, and water salinity . Such density differences lead to strong buoyancy that drives CO 2 upward, which in turn leads to vertical segregation between CO 2 and brine in the geologic formation. When the time scale associated with buoyant segregation is small relative to the time scales for horizontal propagation, we can assume that buoyant segregation has occurred, and that CO 2 and brine have reached pressure equilibrium in the vertical direction. This vertical equilibrium assumption has been considered to be reasonable, especially at later times in the injection process (Lyle et al., 2005; Nordbotten and Celia 2006; Nilsen et al., 2011; Court et al., 2012; Pegler et al., 2014; Zheng et al., 2015) as well as the subsequent post-injection time period (Hesse et al., 2008; Gasda et al., 2011; Szulczewski et al., 2012; Zheng et al., 2013) . Further assumptions of negligible capillary pressure and negligible miscibility between CO 2 and brine lead to a model where the less-dense injected fluid overrides the displaced (more dense) fluid and the two fluids form a sharp fluid-fluid interface (see Fig. 1 ). Throughout this paper, we will consider a general set of injected and displaced fluids, not necessarily CO 2 and brine, since the methodology also Here we depict a vertical cross-section of a radial domain, where the origin is located at the center of the injection well and the top of the aquifer (vertical direction is positive downward). The diameter of the injection well is assumed to be negligibly small relative to the typical propagation distance of the injected fluid, and the aquifer is assumed to extend to infinity in the horizontal direction. Here r represents the distance from the center of the injection well and h0 is the thickness of the aquifer. The shaded area with light orange color indicates the extent of the plume of the injected fluid (CO2). The injected (CO2) and displaced (brine) fluids are separated by a sharp interface indicated by the red curve in the figure. Also, rN 1 (t) is defined as the leading edge of the plume of the injected fluid and rN 2 (t) is defined as the trailing edge. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) applies to other subsurface fluid injection processes such as acid gas injection and liquid waste disposal.
We assume a homogeneous geologic formation with simple geometries, e.g., horizontal and impermeable top and bottom boundaries. For the vertical equilibrium and sharp interface model, we can derive a one-dimensional (1D) nonlinear advectiondiffusion equation for the propagation of the CO 2 -brine sharp interface. Here, we focus on the injection process through vertical wells, which corresponds to an axisymmetric flow and for which similarity solutions can be found (Lyle et al., 2005; Nordbotten and Celia, 2006; Guo et al., 2016) . In the vertical equilibrium model, the vertical flow is negligible as the two fluids are assumed to have already segregated. The horizontal flow is driven by two forces: the force from the fluid injection process (the lateral pressure gradient due to injection), and buoyancy. Analytical solutions can be derived when one of the two forces is dominant. Recently, for this injection scenario and assumptions, Guo et al. (2016) developed a flow regime diagram to identify the range of applicability of the different solutions to this problem. The axes of the diagram are the viscosity ratio (M) between the displaced and the injected fluid and a buoyancy parameter ( ) that measures the relative importance of buoyancy compared to the force from injection. We note that M is actually the mobility ratio. In this paper, we neglected the residual saturations of the two fluids. Thus, the relative permeabilities of the two fluids are both equal to one under the vertical equilibrium and sharp interface assumptions, and M becomes the viscosity ratio. The diagram has five flow regimes, four of which have analytical solutions (see Fig. 2 ). Regimes I-III are for injectiondominated (injection-driven) flow, but with the injected fluid being more viscous, equally viscous, and less viscous than the displaced fluid, respectively. Regime IV corresponds to buoyancy-dominated (buoyancy-driven) flow, where the behavior of fluid spreading does not depend on the viscosity ratio. Finally, Regime V is a transition regime, in which the forces from fluid injection and buoyancy are comparable, and where no analytical solution is available. The radius of the lateral fluid spreading follows r ∝ t 1/2 in all flow regimes, while the lateral area of spreading ( r 2 N 1 (t)) normalized by that of piston-like spreading is time-independent and is different for each solution (see Fig. 2 ).
The purpose of this paper is to analyze various injection scenarios and place them in the context of this regime diagram. We use data from eight CO 2 sequestration projects, twenty-four acid gas injection operations, two waste disposal projects, and one CO 2 -WAG enhanced oil recovery project. Each of these projects is characterized by the associated dimensionless groups M and , thereby placing each project into one of the flow regimes. For the CO 2 injections, when the project is a pilot-scale study, we also consider how the characterization would change were the injection to be scaled up to an industrial rate.
The flow regime diagram
In this section, we briefly review the flow regime diagram from Guo et al. (2016) , and highlight some of the flow features in the model of injection and fluid spreading. We consider a horizontal geologic formation with a thickness of h 0 (Fig. 1) . The formation is characterized by its porosity and permeability, denoted by and k respectively; = d − i is the density difference between the displaced ( d ) and the injected ( i ) fluids and the fluids are assumed incompressible; i and d are viscosities of the injected and the displaced fluids, respectively; and q is the volumetric injection rate. It is natural to use cylindrical coordinates and assume an axisymmetric solution. We consider the vertical equilibrium and sharp interface model, and define h (r, t) as the thickness of the injected fluid as a function of the radial distance (r) from the injection well and time (t). r N 1 (t) is defined as the leading edge of the plume of the injected fluid (Fig. 1 ). For this flow system, we can define two dimensionless groups to characterize the flow behaviors,
By definition, M is the viscosity ratio between the displaced and the injected fluids, and is a buoyancy parameter, which represents the relative importance of buoyancy and the force from fluid injection. We note again that M is actually the mobility ratio, but here we do not consider residual saturations of the two fluids, thereby the relative permeabilities of the two fluids are both equal to one under the vertical equilibrium and sharp interface assumptions, and M becomes the viscosity ratio. We note that we can include the residual saturations by simply scaling M by the relative permeabilities, and the rest of the analysis remains the same. The two dimensionless groups M and serve to organize the injection process as they combine fluid properties, geological parameters, and the injection rate. A brief derivation of the governing equations is provided for the vertical equilibrium and sharp interface model in Appendix A. The various associated model assumptions are addressed in Appendix B.
For the vertical equilibrium and sharp interface model, four analytical solutions can be derived in four distinct asymptotic limits (flow regimes) with respect to M and . We summarize the solutions for the four flow regimes (Regimes I-IV) in Table 1 . The solutions are derived with dimensionless variables, which are defined as H = h/h 0 , R = r/h 0 , and T = t/ 2 h 3 0 /q . Regimes I-III are for injection-driven flows ( 1), with the injected fluid being more viscous, equally viscous, and less viscous than the displaced fluid for Regimes I, II, and III, respectively. Regime IV describes buoyancy-driven flow ( 1), where the behavior of fluid spreading does not depend on the viscosity ratio. We note that 1 and 1 are used as scaling arguments when we derive the analytical solutions in the asymptotic limits, thus the analytical solutions are not necessarily limited to only 1 or 1. To obtain the actual boundaries beyond which the analytical solutions are in valid (with a certain threshold of error), we need to compare the analytical solutions to the full numerical solution of the ordinary differential Eq. (A7) in Appendix A subject to the appropriate boundary conditions. Such comparisons give a (M, ) flow regime diagram that organizes the different behaviors of fluid spreading (Guo et al., 2016 ) (see Fig. 2 ). The boundaries between the flow regimes are defined as the (M, ) values that introduce a 10% difference when Guo et al. (2016) to investigate a practical project. For a specific project, a pair of (M, ) values can be computed from the reported parameters. When the pair of (M, ) is in Regimes I-IV, the fluid propagation has an analytical solution, otherwise it enters Regime V, where no analytical solution is available. We note that regime II is a line (M = 1, ≤ 0.7). The sketches corresponding to each of the flow regimes show the fluid-fluid interface shapes for different analytical solutions. For each case, the time dependence of the spreading of the injected fluid can be evaluated. We also show the expressions of the normalized area of impact, which is time-independent, for all the solutions. An example calculation is shown with the values for M and for the four regimes as: (I)M = 0.1, = 0.1; (II) M = 1, = 0.1; (III) M = 10, = 0.1; (IV) M = 10, = 36.
Table 1
A summary of the analytical solutions for flow Regimes I-IV for nearly horizontal flows in a confined aquifer. The solutions are written in terms of the dimensionless variables (defined in Section 2 and Appendix A). As shown in Fig. 1 , we define the intersections between the interface and the top and bottom boundaries of the aquifer as edges of the plume of the injected fluid. The leading edge measures the furthest distance the CO2 travels from the injection well at any given time. The trailing edge denotes the intersection of the interface with the bottom boundary; there is no trailing edge when the interface does not intersect the bottom boundary. M and are defined in Eq. (1).
Regimes (M, )
Interface shape Leading edge Trailing edge Reference and Celia (2006) IV any M, 1 Obtain by numerical integration (11.2 M) 1/4 T No trailing edge Lyle et al. (2005) the respective analytical solution is compared to the full numerical solution of Eq. (A7) in Appendix A, with the difference measured using the similarity transformed Á N1 = R N 2 1 /T location of the leading edge of the CO 2 plume. The location of the leading edge of the CO 2 plume is chosen because it is an important factor for risk assessment of CO 2 injection, especially for leakage risk assessment. Other criteria may be used to measure the discrepancy, such as the difference associated with the approximate shape of the entire fluid-fluid interface, or the difference in the trailing edge. Different criteria may give quantitatively (slightly) different regime boundaries, but they will not qualitatively change the flow regime diagram. See section V of Guo et al. (2016) for the theoretical basis of the regime boundaries. We can use this regime diagram to study a practical injection project by computing the dimensionless groups M and from Eq.
(1). Fig. 2 shows a flow chart that demonstrates a step-by-step procedure for using the flow regime diagram to assess a practical project. Different flow regimes have different engineering implica- (Guo et al., 2016) . The numbers marked besides each point are the differences introduced at the location of the leading edge if the analytical solution of Regime III is used instead of the numerical solution to the corresponding boundary value problem. Detailed data for computing M and can be found in Table 2 and in Appendix B.
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tions, e.g., different regimes have different areas of spreading for a given amount of injected fluid. To understand the area of spreading we introduce the concept of normalized area of impact, which is defined as the lateral radial area occupied by a given volume of injected fluid normalized by the lateral radial area from a pistonlike displacement (where the fluid-fluid interface is vertical). The greater the normalized area, the further a given amount of the injected fluid spreads. The analytical expressions for the normalized area of impact for each of the regimes are presented in Fig. 2 , where we also show an example calculation to give a sense of the values of the normalized areas of impact, which are independent of time. The results show that the buoyancy-driven regime has a much larger area of impact compared to the injection-driven regimes for a fixed volume of injected fluid, and for the injection-driven solutions, higher viscosity ratios lead to more spreading. The transition regime would have an area of impact in between the injectiondriven and buoyancy-driven flow regimes. The information from the normalized area of impact can be used to assess the risks associated with fluid spreading for practical injection projects, especially in the early stage of the project when not much data are available.
Flow regime analysis
In this section, we use the flow regime diagram to study various kinds of injection operations. Detailed data for different projects are given in Tables 2 and 3 , . Further information about the data and the calculations is provided in Appendix C.
Geologic CO 2 sequestration
The values of dimensionless groups (M, ) for eight CO 2 injection projects are shown in Fig. 3 and estimates of the variations are given in Table 2 and Appendix D. Since the injected CO 2 is always less viscous than the resident brine in the aquifers (M > 1), all the projects fall on the right side of the regime diagram (Fig. 3) . The injection-driven regime (Regime III) has three projects, corresponding to the Sleipner 9th layer, In Salah, and Snøhvit. The transition regime (Regime V) includes the other five projects: Ketzin, Frio, Cranfield, Decatur, and Gorgon. The three projects in the injection-driven regime (Regime III) all have relatively large injection rates, with a single-well injection rate of CO 2 larger than 0.3 Mt/year. We note that a larger injection rate leads to a smaller , see Eq. (1). Physically this means that the flow is mainly driven by fluid injection instead of buoyancy. The total injection rate in In Salah was reported to be about 1.28 Mt/year (Michael et al., 2010) , and CO 2 was injected through three horizontal wells. We only consider the injection well KB-501, which has an average injection rate of around 0.3 Mt/year. Since we only look at the long-term behavior of the CO 2 plume, we treat the injection well as a point source equivalent to a vertical well. For the Sleipner project, we only consider CO 2 migration in the upper-most (the 9th) layer and treat the input source of CO 2 from below as a continuous injection. For the Snøhvit project, it has been shown that CO 2 was contained in Tubåen 1 by the overlying shale unit (Grude et al., 2014) ; thus, we only consider the Tubåen 1 sandstone unit in the lower part of the Tubåen formation.
The three pilot projects (Keztin, Frio, and Cranfield) and the Gorgon and Decatur projects are all in the transition regime (Regime V). Among the three pilot projects, Cranfield has the largest injection rate (0.14 Mt/year). The Gorgon project has an injection rate of 0.56 Mt/year for a single well, but it is still in the transition regime due to its reported large thickness h 0 = 250m, which leads to a large value of . The Decatur project is near the boundary of Regimes III and V, being slightly in Regime V.
We next consider scenarios where all the projects are scaled up to an industrial scale, with injection rates increased to 1 Mt/year, because any actual practical project would necessarily inject large amounts of CO 2 (IPCC 2005; Meng et al., 2007; Michael et al., 2010; Zheng et al., 2010) . With the increased injection rate, all of the (M, ) pairs for the pilot projects shift down to the injection regime as shown in Fig. 4 , with only the Gorgon project remaining in Regime V due to its very large formation thickness. These calculations suggest that the analytical solution of Regime III is the appropriate choice for the sharp-interface model involving large-scale CO 2 injection. Table 2 Data and parameters for CO2 sequestration projects in saline aquifers. h0 is the thickness of the aquifer, is porosity, k is permeability, q is the mass injection rate for a single well, and M and are the dimensionless groups defined in Eq. (1). Table 3 Parameters and data for CO2-WAG EOR and waste disposal projects. d and i are density of the displaced fluid and the injected fluid, respectively; d and i are the viscosity of the displaced fluid and the injection fluid, respectively. Other variables have the same definitions as those in Table 2 . 
Buoyancy parameter ( ) Viscosity rat io ( M )
CO2
Other subsurface fluid injection projects
We have also computed the dimensionless pairs (M, ) for twenty-four acid gas injection projects, based on data from Bachu et al. (2005) , and placed them onto the flow regime diagram (see Fig. 5 ). The majority of the projects (sixteen out of twenty-four) lie in the injection-driven regime (Regime III), one project lies in the buoyancy-driven regime (Regime IV), and seven projects lie in the transition regime (Regime V). We note that is small for many of the acid gas projects although the injection rates are not large, which is mainly because the formations are reported to be thin and have low permeability. Detailed data for the acid gas injection projects is provided in Appendix D. We note that Bachu et al. (2005) analyzed the same dataset for the acid gas injection projects, where they used empirically assigned regime boundaries for Regime III ( = 0.5) and Regime IV ( = 10), with no dependence on M. Here we base our analysis on a systematically developed flow regime diagram.
In addition, we consider a CO 2 -WAG EOR project and two subsurface waste disposal projects. For the CO 2 -WAG EOR project, we focus on the fluid-fluid interface between water and CO 2 , which includes (more viscous) water pushing (less viscous) CO 2 , as well as CO 2 displacing water. Based on the parameters from Kane (1979) , these two displacement cases fall in Regimes I and III. The two waste disposal projects include liquid waste injection into a carbonate aquifer and a sandstone aquifer, respectively. Depending on the salinity of the injected and displaced fluids, for a waste disposal project, the injected fluid can be either more viscous or less viscous than the displaced fluid. Here we use the parameters from Ortoleva and Liu (1995) and consider two scenarios. One corresponds to the buoyancy-driven regime (Regime IV) and the other lies in the injection-driven regime (Regime III), as shown in Fig. 5 . An estimated variation of ±50% in permeability is given to each of the projects for CO2-WAG EOR and subsurface waste disposal, which yields a ± 50% variation in the values.
Conclusions
In this paper, we collected data from various injection projects that involve fluid injection into deep formations and investigated the behaviors of fluid spreading for each of the projects, using the flow regime diagram from Guo et al. (2016) . Among the eight geologic CO 2 sequestration projects we considered, including both industrial-scale and pilot-scale projects, three (all industrial-scale) fall within in the injection-driven regime (Regime III), while the other five (mostly pilot-scale) are in the transition regime (Regime V). We note that although the regime of a project depends on various parameters that contribute to the dimensionless groups (M, ), the injection rate is a significant controlling parameter. If an industrial-scale injection rate of 1 Mt/year is applied to the pilot-scale projects, all of the pilot-scale projects move into the injection-driven regime (Regime III). In addition to CO 2 injection, we showed that almost all of the acid-gas injection operations fall within Regime III or V, while CO 2 -WAG EOR and liquid waste disposal injections can populate Regimes I, II, and IV. This flow regime analysis provides insights into the flow processes and serves to guide the choice of simplified models and analytical solutions that can be applied to different kinds of injection scenarios. Finally, we have noted that the normalized area of spreading is time independent and only depends on the associated values of M and .
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Appendix A. The model
In this section, we give a brief summary of the vertical equilibrium and sharp interface model from Guo et al. (2016) . As shown in Fig. 1 , we consider a horizontal geologic formation with a thickness h 0 ; and k are the porosity and permeability of the geologic formation, respectively; = d − i is the density difference between the displaced ( d ) and the injected ( i ) fluids; i and d are viscosities of the injected and the displaced fluids, respectively; and q is the volumetric injection rate. It is natural to use cylindrical coordinates and assume an axisymmetric solution, and we define h (r, t) as the (saturated) thickness of the injected fluid as a function of the radial distance (r) from the injection well and time (t). r N 1 (t) is defined as the leading edge of the plume of the injected fluid.
By combining the mass balance equations and the volumetric flux equation (Darcy's equation), we obtain a one-dimensional-inspace nonlinear advection-diffusion equation for the propagation of the fluid-fluid interface h (r, t) ∂h ∂t
We consider a geologic formation whose pore space is originally filled with the displaced fluid, thus the initial condition is h (r, 0) = 0.
Two boundary conditions are needed. One is at the leading edge (r N 1 (t)) of the plume of the injected fluid, where the height of the injected fluid is zero; the other is at the origin (the location of the injection well), where the volumetric injection rate is q. The conditions are
where Eq. (A4) is obtained by integrating Eq. (A1) with respect to r from the origin to the leading edge of the plume. A non-dimensional version of Eq. (A1) can be obtained by
, and using these to transform to an equation for H (R, T ):
where we define two dimensionless groups
By definition, M is the viscosity ratio between the displaced fluid and the injected fluid, and is a buoyancy parameter, which represents the relative importance of buoyancy and the force from fluid injection. We note that M is actually the mobility ratio. As was pointed out in the main text of the paper, we have neglected the residual saturations of two fluids. Thus the relative permeabilities are both equal to one under the vertical equilibrium and sharp interface assumptions, and M = d i . The dimensionless form of the initial and boundary conditions can also be derived. Then, with the definition of the similarity variable Á = R 2 /T , Eq. (A5) becomes an ordinary differential equation
The two boundary conditions with respect to the new variable Á can also be derived (given by Guo et al. (2016) ). Eq. (A7), in general, does not have analytical solutions, but it can be solved analytically in the four asymptotic limits. The four analytical solutions are summarized in Table 1 , which correspond to Regimes I, II, III, and IV. We note that the form of the similarity variable implies that the location of the leading edge R N 1 ∝ T 1/2 . Thus, relative to a uniform injection front, i.e. piston-like injection, which also would advance proportional to T 1/2 , the ratio of the lateral area of spreading for a given volume of injected fluid between the analytical solutions and piston-like injection is independent of time.
Appendix B. Model assumptions
In this section, we discuss the assumptions and limitations for the vertical equilibrium and sharp interface model. The entire analysis of this paper relies on the vertical equilibrium and sharp interface assumptions. The validity of the vertical equilibrium assumption depends on the time scale associated with the vertical buoyant segregation and the aspect ratio (length to thickness) of the aquifer. Lake (1989) and Yortsos (1995) discussed the appropriateness of the vertical equilibrium assumption with respect to the aspect ratio of the geometry of the geologic formation and the difference between the permeabilities in the horizontal and vertical directions. Nordbotten and Dahle (2011) analyzed the impact of the capillary transition zone on the vertical equilibrium models and Court et al. (2012) investigated the validity of the vertical equilibrium and sharp interface assumptions in practical simulations for CO 2 storage. The vertical equilibrium assumption has been generally considered reasonable for homogeneous geologic formations with relatively high permeability. This is especially true for later times during the injection period and the subsequent post-injection time period. For geologic formations with low permeability and heterogeneities, the time scale for the assumption to be valid may be longer, and other solution strategies need to be applied (Guo et al., 2014) .
Here, we estimate the time scale of vertical segregation and the travel distance of the injected fluid plume for which the vertical equilibrium assumption is applicable. The time scale for the two fluids to segregate (ts) in the vertical direction can be estimated as 
where k z is the vertical permeability of the geologic formation, and
/ d indicates the characteristic mobility of the displaced fluid, with k * r,d
being the characteristic relative permeability for the displaced fluid. For the vertical equilibrium assumption to be valid, the time of horizontal spreading (t) needs to be larger than the segregation time scale (t s ), i.e.
Now, we estimate the horizontal distance the injected fluid travels for time t. Here, we consider an example of a less viscous fluid displacing a more viscous fluid in both the buoyancy-driven and the injection-driven cases.
For the buoyancy-driven regime, the leading edge of the injected fluid follows
Substituting t ≥ t s to Eqs. (A8) and (A11), we obtain
We choose a typical value of (M, ) = (8, 32) in the buoyancy-driven regime, the representative relative permeability k * r,d
= 1, and use a horizontal-to-vertical anisotropy ratio of permeabilitiesk x /k z = 10. Then, we get R N 1 ≥ 4, which suggests that the horizontal distance of the injected fluid r N 1 = R N 1 h 0 needs to be larger than 4 times the thickness of the geologic formation, that is r N 1 ≥ 4h 0 , for the vertical equilibrium assumption to be valid in the buoyancy-driven regime. We note that this estimate depends on k * r,d
, which can vary between 0 and 1. For example, R N 1 ≥ 13 for k * r,d
= 0.1. For the injection-driven regime, the leading edge of the injected fluid follows
Similarly, we can obtain
= 1, and k x /k z = 10 provide R N 1 ≥ 40. Thus, the horizontal distance of the injected fluid needs to be larger than 40 times the thickness of the geologic formation. We note that R N 1 ≥ 125 for k * r,d = 0.1. We also note that we can estimate the range of time scales for segregation based on the estimates of the travel distance of the injected fluid. For the injection-driven regime, the time scale of segregation t s = When the driving forces from buoyancy and fluid injection are comparable, the horizontal traveling distance is expected to be in between of the estimates for the buoyancy-driven and the injection-driven flow regimes.
Appendix C. Parameter/Data for CO 2 sequestration* * b and c are brine and CO 2 densities respectively, b and c are brine and CO 2 viscosities respectively. For each project, we collect parameters from the literature and compute a reference, an upper bound and lower bound for the buoyancy parameter . The variation of the permeability for the Gorgon project is not reported; here we estimate it as ± 50%, which gives a variation of ± 50% in the value of . The "-" signs in the data entries indicate that the values are the same as the reference values. The sources of the data are listed in the last column. 
